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activation of draining lymph nodes 
was attributable exclusively to induced 
inhibition of LC mobilization, rather 
than a consequence (at least in part) of 
systemic effects on lymphocyte traffick-
ing and homing. Nevertheless, even if 
some uncertainty exists about a direct 
causal relationship among S1PR ago-
nists, impaired LC mobilization, and 
the acquisition of skin sensitization, 
these investigations draw attention to 
an association between LC migration 
and contact allergen–induced changes 
in regional lymph nodes that signal the 
early stages of sensitization.
The coming months and years will 
undoubtedly witness a much clearer 
definition of the cellular and molecular 
mechanisms required for the effective 
induction of skin sensitization, in par-
ticular the roles that LCs play in orches-
trating the process.
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Protein Kinase Cε Reveals Importance 
of extrinsic Apoptosis in Preventing 
UV Carcinogenesis
Frank de Gruijl1
UV-induced apoptosis, giving rise to “sunburn cells,” has been thought to be 
primarily cell autonomous (or intrinsic) in nature, triggered by DNA damage 
and mediated through p53. However, in vivo the microenvironment appears to 
contribute to UV-induced apoptosis by activating the extrinsic route through 
death receptors. Protein kinase Cε lowers UV-induced expression of fas and 
its downstream proteins in this extrinsic route, suppressing apoptosis and 
enhancing UV carcinogenesis.
Journal of Investigative Dermatology (2009) 129, 1853–1856. doi:10.1038/jid.2009.170
Protein kinase c and cell fate
Protein kinase C (PKC) is the tar-
get of the skin tumor promoter 
12-O-tetradecanoylphorbol 13-acetate 
(TPA), and it can be activated through 
growth factor receptors such as EGFR. 
PKC occurs as a family of 10 isotypes: 4 
classical isotypes (α, βI, βII, and γ) that 
depend on phospholipids and calcium 
for their activation; 4 novel isotypes 
(δ, ε, η, and θ) that are not dependent 
on calcium; and 2 atypical isotypes 
(ζ and ι/λ) that are not dependent on 
either phospholipids or calcium. The 
PKCs play roles in many cellular pro-
cesses, including proliferation, motil-
ity, differentiation, and apoptosis—all 
of which are of direct importance to 
carcinogenesis, including skin carcino-
genesis (Breitkreutz et al., 2007). As 
determined by the expression of adhe-
sion molecules, cPKCβ and nPKCε 
induce the phenotype of basal cells 
in keratinocytes, whereas cPKCα and 
nPKCδ induce molecules that typify 
differentiated cells (Szegedi et al., 2009). 
PKC isotypes are differentially expressed 
in the basal proliferative and overlying 
differentiated layers (Verma et al., 2006). 
Although they are archetypal tumor pro-
moters, phorbol esters, like TPA, can 
have different effects, depending on the 
cell type; e.g., instead of growth, andro-
gen-dependent prostate cancer cells 
undergo apoptosis through excretion 
of death factors, whereas lung cancer 
cells undergo senescence (Xiao et al., 
2008). The outcome may depend on the 
balance of effects among PKC isotypes. 
PKCδ has been reported to promote 
apoptosis, whereas most of the others 
appear to exert the opposite effect, pro-
moting survival and proliferation. PKCε, 
in particular, qualifies as a genuine 
oncogene—it activates RhoA/C, Stat3, 
and Akt, and it increases cell survival, 
proliferation, motility, and invasion. It 
is overexpressed in tumors from various 
organs, and it may serve as a tumor bio-
marker (Gorin and Pan, 2009).
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DNA damage, which either is repaired 
or causes the cell to undergo apoptosis; 
p53 controls both of these processes. 
After accidentally acquiring a mutation 
in p53, a cell becomes more resistant to 
apoptosis than its normal neighbors; it 
thus gains a growth advantage, and with 
its inherent genetic instability tumor pro-
gression is facilitated. As a transcription 
factor or through protein–protein inter-
actions, p53 ordinarily contributes in 
various ways to both intrinsic and extrin-
sic apoptosis. Although UV irradiation 
activates proteins in both pathways, in 
vitro experiments indicate that the intrin-
sic pathway triggered by DNA damage 
dominates UV-induced apoptosis. DNA 
damage activates the ATR–Chk1–p53 
chain, which then induces expression 
of Bax, Puma, and Noxa and represses 
Bcl-2. This leads to a shift in the pro-/anti-
apoptotic Bax/Bcl-2 ratio, allowing the 
Bid, a member of the “BH3-only” fam-
ily (with homology only to the Bcl2 
domain 3, like Puma and Noxa) that 
activates the apoptotic Bcl-2 family 
members Bax and Bak. Thus, Fas acti-
vation contributes to mitochondrial 
release of apoptotic factors. PKCε over-
expression was also found to diminish 
the truncation of Bid and to abrogate 
an increase in the Bax/Bcl-2 ratio fol-
lowing UV irradiation.
P53 in UV-induced intrinsic apoptosis 
and carcinogenesis
P53 has taken center stage in research on 
UV carcinogenesis. In skin carcinomas it 
bears mutations with “UV signatures”; 
clonal clusters of cells with such muta-
tions precede tumor formation, and p53 
dysfunction lowers UV-induced apop-
tosis (Brash, 2006). Thus, a causal chain 
appears to emerge: UV irradiation causes 
PKcε in skin carcinogenesis  
and UV-induced apoptosis
Verma et al. (2006) have shown that 
ectopic expression of PKCε in trans-
genic mice enhances experimental 
induction of skin carcinomas by chemi-
cals (7,12-dimethylbenz[a]anthracene 
initiation followed by TPA promotion) 
and UV radiation (chronic exposure). 
Interestingly, they reported an initial 
ablation of interfollicular epidermis 
in PKCε-overexpressing mice after the 
first TPA application, owing to massive 
necrosis followed by epidermal renew-
al and hyperplasia. They presumed 
that the necrotic episode was respon-
sible for the subsequently observed 
suppression of chemically induced 
papillomas, but they also found an 
increase in “papilloma-independent” 
carcinomas, putatively stemming from 
hyper proliferative hair follicles. UV 
irradiation of a mouse strain (no. 215) 
with 18-fold overexpression of PKCε 
induced massive skin damage and could 
not be continued. Among the over-
produced cytokines, TNFα appeared 
to be instrumental in the induction of 
this skin damage. A mouse strain (no. 
224) with a threefold overexpression 
of PKCε tolerated UV exposure and 
showed a threefold increased induction 
of carcinomas, with a correspondingly 
shortened tumor latency of 12 weeks. 
In these mice, UV induction of apop-
totic sunburn cells was suppressed in 
conjunction with Fas-associated death 
domain protein (FADD)—an adap-
tor protein coupled to death receptors 
such as Fas/CD95, TNF-related apop-
tosis inducing ligand (TRAIL)-R1,2/
DR4,5, and TNF-R1 and involved in the 
activation of caspase 8. In this issue, 
Verma’s group presents a detailed study 
of the effects of over expressed PKCε on 
proteins in the extrinsic apoptotic sig-
naling pathway initiated by Fas ligand 
(FasL)–Fas ligation after UV exposure 
(Aziz et al., 2009) (Figure 1). They show 
suppression of FasL upon UV expo-
sure and suppression of the induction 
of Fas and the downstream proteins 
FADD, pFADD, and DAP-1. Reduced 
FADD lowers activation of caspase 8 
and the subsequent activation of cas-
pase 3 in the extrinsic route to DNA 
fragmentation and other apoptotic pro-
cesses. In addition, caspase 8 truncates 
Figure 1. Scheme of extrinsic and intrinsic apoptosis. Intrinsic apoptosis is initiated by cellular stress 
(UV-induced DNA damage; bottom right), leading to mitochondrial membrane depolarization and 
release of apoptotic factors. Extrinsic apoptosis is initiated by ligation of death factors (here FasL; top 
left) to their cognate receptors. Solid black arrows depict protein–protein interaction; open arrows 
depict transcription/translation. AIP, apoptosis-inducing protein; APAF1, apoptotic protease activating 
factor 1; ATR, ataxia telangiectasia mutated and Rad3-related; BID, BCL-2 interacting domain; CAD, 
caspase-activated deoxyribonuclease; FADD, Fas-associated death domain protein; FasL, Fas ligand; 
PARP, poly (ADP-ribose) polymerase; PUMA, p53 upregulated modulator of apoptosis; SMAC, second 
mitochondria-derived activator of caspases.
Cytoplasm
Nucleus
Mitochondrion
UVDNA damage
ATRCHK1
p53
PUMA NOXA
BAX
BAK
tBID
BCL-2
BCL-xL
AIPs SMAC
Cytochrome c
APAF-1
APOPTO-
SOMECaspase 9FADD
FAS
FasL
Caspase 8
Caspase 3
BID
CA
D
PA
RP
Apoptosis
Extrinsic Intrinsic
DNA
fragmentation
CA
D
commentary
 www.jidonline.org 1855
conclusion
Apoptosis in UV-irradiated epider-
mis appears to be a combined effect 
of intrinsic and extrinsic pathways, in 
which the activities of the latter ampli-
fy those of the former. PKCε-reduced 
extrinsic apoptosis is reported to be 
linked to enhanced UV carcinogen-
esis. Whether this is the main effect 
of PKCε on UV carcinogenesis should 
be investigated further; PKCε has been 
reported to increase Bcl-2 and Bcl-xL, 
and Aziz et al. (2009) found a corre-
sponding suppression of an increase in 
the Bax/Bcl-2 ratio after UV irradiation; 
this effect alone can inhibit intrinsic 
apoptosis. Furthermore, it remains to 
be determined how PKCε affects the 
expression of FasL, Fas, and FADD .
To establish further the importance 
of extrinsic amplification of intrinsic 
apoptosis through truncated Bid, it 
would be useful to determine whether 
conditional K14-Bid-null mice (i.e., 
with Bid-null restricted to keratino-
cytes to avoid immunologic effects; see 
Pradhan et al., 2008) are more suscep-
tible to UV carcinogenesis than their 
wild-type counterparts.
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after which R3 dropped significantly at 
72 h and R1 dropped at 132 h (computer 
analysis of immunohistochemical imag-
es). Qin et al. (2004) found that low-level 
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DR5)—activate NF-κB, relaying a sur-
vival signal instead of an apoptotic one. 
Keratinocytes express other decoy recep-
tors, including DcR3, which binds FasL 
and is downregulated upon UV expo-
sure (Maeda et al., 2001). Remarkably, 
in the current study by Aziz et al. (2009), 
DcR2 is reported to show the opposite 
expression pattern. Like TRAIL and FasL 
in human skin, FasL appears to be con-
stitutively expressed in murine skin, and 
remains expressed after four exposures 
spread over a period of a week (Figure 3 
in Aziz et al., 2009). Hence, the changing 
death and decoy receptor profile signals 
whether a cell is receptive to apoptotic 
signals from its microenvironment. The 
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to expire (the level of death factors then 
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FasL-deficient mice show fewer 
sunburn cells upon UV exposure than 
wild-type mice do, and they are more 
susceptible to induction of p53-mutant 
cells in chronically UV-irradiated 
skin (Hill et al., 1999), direct in vivo 
evidence of the importance of FasL-
induced extrinsic apoptosis in suppress-
ing tumor initiation. Verma’s group now 
demonstrates in detail that PKCε sup-
presses UV-induced extrinsic apoptosis 
and that this is indeed associated with 
increased UV-induced skin carcinomas 
in the same animal model (Verma et al., 
2006; Aziz et al., 2009).
release of cytochrome c and Smac from 
mitochondria, which activates caspase 
9 and subsequently the “executioner,” 
caspase 3 (Figure 1). Keratinocytes are 
protected from UV-induced apoptosis 
by blocking caspase 9 in the intrinsic 
mitochondrial pathway (Sitailo et al., 
2002). The extrinsic pathway of death 
receptor signaling does not seem to be 
as important; e.g., blockage of caspase 8 
in the extrinsic pathway does not appear 
to affect UV apoptosis (Miyake et al., 
2003). However, these effects may be 
determined by the cell type and cul-
ture conditions (e.g., growth factors will 
affect apoptotic responses), which can 
differ from keratinocytes in their proper 
epidermal context. Moreover, as men-
tioned earlier, caspase 8 in the extrinsic 
pathway appears to tap into the intrin-
sic pathway through truncated Bid, 
which teams up with Bax in the mito-
chrondrial route toward apoptosis. This 
means that the two apoptotic pathways 
are not strictly separated. Interestingly, 
p53 drives the transcription of Bid and 
Fas genes and, with blocked transcrip-
tion, p53 is involved in Fas translocation 
to the cell membrane and binding to 
FADD (Bennett et al., 1998). In this way, 
dysfunctional p53 may also affect the 
extrinsic apoptotic pathway.
the extrinsic pathway  
in UV-induced apoptosis
The relevance of the extrinsic apoptotic 
pathway in epidermal homeostasis is 
clearly indicated by in vivo expression 
of the death and decoy receptors of FasL 
and TRAIL and by the changes therein 
following UV exposure (Bachmann et 
al., 2001). Fas was induced, where-
as FasL mRNA (in situ hybridization) 
steadily dropped, up to 132 h after a 
single UV exposure of ex vivo skin; in 
contrast, TRAIL and its R1 and R3 recep-
tors remained stable for up to 34 h, 
|Apoptosis in UV-irradiated epidermis reflects integrated effects of both intrinsic and 
extrinsic pathways.
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flii Control:  
Balancing Migration and Adhesion
Kristina Kligys1 and Jonathan C.R. Jones1
Wound healing in the skin requires a compromise between adhesion and 
migration. Both processes include modulation of the cytoskeleton, cell-surface 
receptors, and receptor ligands., In this issue, Kopecki et al. demonstrate that 
overexpression of flii, an actin-remodeling protein, impedes wound healing 
but inhibits hemidesmosome formation. In contrast, flii deficiency results in 
enhanced wound healing while promoting hemidesmosome assembly. We 
discuss potential mechanisms that could explain how this unique gelsolin family 
member might regulate both stable keratinocyte adhesion and motility.
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Ten years ago, it was widely accepted 
that the laminin-332 receptor α6β4 
integrin mediated formation of stable 
anchoring complexes, or hemides-
mosomes, in skin. Its loss was demon-
strated to be the molecular mechanism 
underlying skin blistering in junctional 
epidermolysis bullosa, validating its 
role in mediating stable cell adhesion 
(Jones et al., 1998). Furthermore, α6β4 
integrin was not thought to have an 
important role in the migration of cells, 
given that hemidesmosomes disas-
semble during wound healing. Rather, 
α6β4 integrin was believed to play a 
role once epithelialization of a wound 
was complete by mediating the stable 
adhesion of cells to dermal structures in 
the wound bed (Jones et al., 1998). In 
addition, antibody inhibitor studies sug-
gested that another laminin-332 recep-
tor, α3β1 integrin, mediated migration 
of epidermal cells on laminin matrix 
and thus was an important regulator of 
epithelialization of wounds (Jones et 
al., 1998; Nguyen et al., 2000). Recent 
data have challenged these concepts, 
however. There is now evidence that 
α3β1 integrin retards epidermal motil-
ity, and results from our own labora-
tory have implicated α6β4 integrin in 
the modulation of signals that regulate 
keratinocyte migration (Margadant 
et al., 2009; Sehgal et al., 2006). It is 
becoming increasingly clear that the 
function of integrins depends on tis-
sue and cell context and that integrins 
cannot be pigeonholed as either adhe-
sive or motility receptors. Likewise, 
data presented by Kopecki et al. (2009, 
this issue) demonstrate that the protein 
Flii, a member of the gelsolin family of 
actin-remodeling proteins, appears to 
have paradoxical roles in intact skin 
versus healing wounds.
Flii, also a member of the gelsolin 
family of actin-severing proteins, was 
previously described as a negative 
regulator of wound healing, such that 
overexpression impedes keratino-
cyte migration and delays the closure 
of wounds (Kopecki and Cowin, 
2008). Kopecki et al. (2009) now 
demonstrate that Flii not only regu-
lates wound healing but also affects 
hemidesmosome assembly. Specifically, 
Flii overexpression inhibits hemides-
mosome formation. This result is quite 
surprising and seems, at first glance, 
to be counterintuitive. One might 
have expected that under conditions 
in which wound healing is inhibited, 
hemidesmosome assembly would be 
favored, and vice versa. Yet Kopecki 
et al. demonstrate that, whereas epi-
dermal basal cells of mice deficient in 
Flii assemble more hemidesmosomes 
than their wild-type counterparts, their 
wounds heal significantly faster than 
those of wild-type mice. Conversely, the 
basal epidermal cells in the intact skin 
of mice in which Flii is overexpressed 
contain fewer hemidesmosomes com-
pared to those found in wild-type skin, 
but the wounds in these mice heal sig-
nificantly more slowly than those of 
control animals (Kopecki et al., 2009).
Several mechanisms could explain 
how overexpression of Flii protein 
inhibits hemidesmosome assembly 
but also impedes wound healing. 
Flii expression may regulate integrin 
